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                                                    Abstract 
 
Streaming potential across a porous medium is induced by a fluid flow due to an electric 
double layer between a solid and a fluid. When an acoustic wave propagates through a 
porous medium, the wave pressure generates a relative movement between the solid and 
the fluid. The moving charge in the fluid induces an electric field due to the 
seismoelectric conversion. In order to investigate the streaming potential and the 
seismoelectric conversion in the same rock sample, we conduct quantitative 
measurements with cylindrical and plate samples of Berea sandstone 500 saturated by 
NaCl solutions with different conductivities. We measure the electric voltage (streaming 
potential) across a cylinder sample in solutions with different conductivities and under 
different pressures. In a solution container, we measure the seismoelectric signals 
induced by acoustic waves at different frequencies and solution conductivities. 
We calculate the quantitative coupling coefficients of the seismoelectric conversion at 
DC and high frequencies with samples saturated by solutions with different 
conductivities. According to the streaming potentials, we calculate the theoretical 
coupling coefficients at the DC and high frequency range. The experimental and 
theoretical results are compared quantitatively and their differences are discussed. 
 
 
Introduction 
 
When a porous medium is saturated by an electrolyte, an electric double layer (EDL) is 
formed on the interface between the solid and the fluid. Some ions are absorbed on the 
solid surface and other ions remain movable in the fluid. When a seismic wave 
propagates in a fluid-saturated porous medium, the seismic wave generates the relative 
movement between the solid and the fluid. The movement of the ions in the fluid forms 
an electric current. We can measure the voltage induced by the seismic wave. When the 
fluid flows through a sample at a certain pressure, the fluid flow induces a current and we 
can measure the voltage on the porous medium. When the fluid moves in one direction or 
 2 
at low frequency range, we call the voltage a streaming potential. If the fluid flow is in a 
high frequency range (usually higher than 10 kHz), we call it a seismoelectric conversion. 
 
Theoretical studies (Pride, 1994; Pride and Haartsen, 1996) show the relationship 
between the voltage coupling coefficient and frequency. A typical relationship at the 
different NaCl concentrations or fluid conductivities is shown in Figure 1. More details 
and more figures are shown in Appendix A. In the low frequency range (less than 10 
kHz), the coupling coefficient is a constant. In the high frequency range, the coefficient 
decreases when the frequency increases and the fluid conductivity increases.  
 
The streaming potentials were measured in laboratories with direct or low frequency fluid 
flow (Morgan et al., 1989; Reppet and Morgan, 2002). When a fluid with a different 
NaCl concentration flows through a rock sample stably, a transducer vibrating at low 
frequency (lower than 70 Hz) generates a relative movement between the solid matrix 
and the pore fluid. DC voltage or low frequency AC voltage can then be measured across 
the sample. Streaming potential measurements were applied in the field to explore the 
underground fluid flow.  
 
In recent years, more attention is being directed toward seismoelectric measurements in a 
high frequency range (higher than 10 kHz) (Zhu and Toksöz, 2005; Zhu et al., 2008). 
Although the seismoelectric coupling coefficient at a high frequency is lower than that in 
the low frequency range, it might be possible to apply the seismoelectric measurements to 
petroleum geophysics. It is easier to generate and receive a seismoelectric conversion 
than a streaming potential. In the high frequency range, the rock coupling coefficient is 
related to the rock permeability.  
 
In this paper, we use a natural rock, Berea sandstone 500, as a porous sample to measure 
its streaming potential and its seismoelectric voltage in a high frequency range. We then 
compare the experimental results with the theoretical predict. 
 
 
Rock and glass bead samples 
 
A cylinder rock sample composed of Berea sandstone 500 is used to measure the 
streaming potential when a fluid, with different NaCl concentrations, flows through the 
sample. A rock plate made with Berea sandstone 500 is used to measure the 
seismoelectric signals induced by an acoustic wave in a water tank. Figure 2a shows the 
configuration of the cylindrical sample. The sample is 2.54 cm in diameter and 2 cm in 
length. The electrodes on two sides of the cylinder are made with Ag/AgCl meshes. A 
plastic pipe seals the cylindrical surface to prevent fluid flow between the surface and the 
plastic pipe.  
 
We also produced similar samples with borosilicate glass beads with 1-mm diameters. 
The glass beads are tightly packed in a plastic pipe, 2.54 cm in diameter and 11 cm in 
length. Two electrodes made of Ag/AgCl mesh are fixed on two sides of the cylinder 
sample to measure the DC streaming potential. 
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A rock plate or glass bead box with a Lucite frame is fixed between two punchboards 
each 1.5 mm in thickness (Vectorboard with <1 mm-diameter holes). A copper mesh 
electrode is fixed in the center of the punchboard (Figure 2b). 
 
When a DC electric current goes through the two copper-electrodes, which are immersed 
in an electrolyte (NaCl solution), the electrodes are polarized. The polarization voltage 
can be measured up to 0.3 volts. This DC voltage may affect the measurements of DC 
streaming potential, but does not affect the measurements of AC seismoelectric signals. 
 
We apply silver mesh to the electrodes to eliminate the electrode polarization during the 
measurements of streaming potentials.  We first soak the silver mesh in a NaCl solution, 
1 Mol in concentration. The silver mesh is one electrode, and a steel plate is the other 
electrode.  The electrodes are then connected to a 12-volt battery as shown in Figure 3. 
The resistance R controls the current of 100 mA.  A stable AgCl is formed on the surface 
of the silver mesh. We use the Ag/AgCl mesh as the electrode in the measurement of the 
streaming potentials due to its low polarization voltage (less than 5 mV).  
 
 
Measurements of streaming potentials  
 
We measure the streaming potentials across the cylinder samples with NaCl solutions 
with different concentrations and pressures flowing through the samples. 
 
We cut a 10 cm length cylinder of Berea sandstone 500 into five 2-cm samples. The five 
samples are used for the measurements with the different NaCl solutions.  The rock 
samples are saturated in a vacuum system with saturants of DI water (Distilled water) or 
different NaCl solutions. Then we place the samples in the saturants for about 3 hours in 
order to form a stable electric double layer in the porous medium. We measure the rock 
resistance and streaming potential when fluid flows through the sample in the system 
shown in Figure 4.  
 
We measure the resistance of the saturated samples with a multimeter (Microta Model 
22-214A) three hours after the sample was saturated. When we use the multimeter to 
measure the resistance, the voltage across the probes of the multimeter is about 9 V, 
which is much larger than the polarization voltage of the electrodes. Therefore, the 
polarization does not affect the measurements of rock resistance. The probe voltage of 
some digital multimeters (for example, Fluke Model 179) is 75 mV. In this case, the 
polarization of the electrodes will affect the resistance measurements. 
 
The NaCl solutions have the NaCl concentrations of 0 ppm, 100 ppm, 500 ppm, 1000 
ppm, and 2000 ppm. The 0 ppm concentration means the fluid is DI water. When we 
saturate the sample with DI water, the fluid conductivity is about 5 µS/cm. After the 
water flows through the rock sample, the fluid conductivity increases to 10 µS/cm.  
 
A NaCl solution of 20 liters is poured into the large bottle shown in Figure 4. When the 
fluid is at different vertical distances between the top level of the rock sample and the top 
of the water in the bottle, we measure the voltage (streaming potential) between the two 
sides of the sample with the Ag/AgCl electrodes and a digital multimeter (Fluke Model 
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179). At different water levels, we measure the water pressure on the top surface of the 
rock.  Table 1 shows the typical measurement results when the sample is saturated with 
DI water. When we measure the streaming potentials, the height differences are 
influenced by changing the height between the bottle fluid and sample (Figure 4). The 
coupling coefficient at the NaCl concentration is determined by averaging the coupling 
coefficients at four positions.    The same measurements are conducted with fluid using 
different NaCl concentrations.     Table 2 shows the fluid and rock conductivities as well 
as the coupling coefficients of Berea sandstone 500 at different NaCl concentrations.   
The PH value of the solution is about 6.5. The room temperature is . 
 
We perform the same streaming measurements with the sample of 1-mm glass beads.    
Table 3 shows the fluid and sample conductivities as well as the coupling coefficients in 
the glass bead sample. When the fluid conductivity is high (for example, 100 µS/cm), the 
sample conductivity is lower than the fluid conductivity. At low fluid conductivity, the 
solid sample conductivity is higher than the fluid conductivity. In this case, the sample 
conductivity depends on the conductivity of the solid matrix.   
 
 
Measurements of seismoelectric signals 
 
To measure the seismoelectric fields induced in rock or glass-bead samples at different 
frequencies, we made plate samples (Figure 2b). We first saturated the porous plate 
samples with the NaCl solutions in a vacuum system.  The conductivities of NaCl 
solutions are the same as those shown in Table 2. The plate sample is placed in a water 
container. When a hydrophone source (Celesco, model LC-34) is electrically excited by a 
single sine pulse, the hydrophone generates an acoustic wave. When the acoustic wave 
propagates through the plate sample, we record the seismoelectric potential using the two 
electrodes shown in Figure 5. 
 
A function generator forms the initial electric single sine burst. Using a 10 kHz interval, 
we change the center frequency of the source from 40 kHz to 150 kHz.   This signal goes 
through a linear power amplifier (AE Techron, 3620 Linear Amplifier) and the signals 
are amplified up to 100 V. Then the high voltage signals are applied to the source 
hydrophone to generate an acoustic wave in the container. 
 
Before we conduct the seismoelectric measurements, we calibrate the frequency response 
of the source. Figure 6 shows the setup of the calibration. We apply a Brüel & Kjǽr Type 
8103 hydrophone as a standard receiver, whose normal sensitivity is in the frequency 
range of 0.1 Hz to 180 kHz and is 30 µV/Pa. We record the acoustic waveforms at 
different center frequencies when the receiver is placed between the vectoboards. The 
distance between the front vectoboard and the source is 20 cm. The distance between the 
receiver and the source is 21.5 cm. Figure 7a shows the recorded waveforms when the 
center frequency varies from 40 kHz to 150 kHz. The electric output of the source is 
fixed at a certain voltage (100 V).  The acoustic pressure (Figure 7b) behind the front 
vectoboard can be measured from the recorded acoustic amplitude in Figure 7a and the 
sensitivity of the receiver (30 µV/Pa).  The center frequency response of the source 
hydrophone is in the frequency of about 90 kHz. In the low frequency range (<90 kHz) 
the pressure decreases faster than in the high frequency range (> 90 kHz). 
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We measure the electric signals received by the electrodes V+ and V- in the rock or glass 
bead samples, as shown in Figure 5, and record the electric waveforms, which are 
preamplified with 60 db in gain. Figure 8 shows typical electric signals measured by the 
electrodes V+ (black line) and V- (blue line) with the Berea sandstone 500 sample 
saturated with a NaCl solution of 100 ppm in concentration. The amplitudes are 
normalized by 0.04 mV.  In order to show the phase characteristics of the source 
influence and the signals received by V+ and V-, we reduce the amplitudes of the electric 
waveforms before 0.256 ms by 100 times.  
 
Comparing the arrival times of the signals in Figure 8 with those of the acoustic waves in 
Figure 7a, we know that the electric signals are induced by the acoustic waves. The 
arrival times of the electric signals are slightly earlier than those of the acoustic waves 
due to the time delay (about 5 µs) of the hydrophone response and size of the acoustic 
receiver. The strong electric signals recorded by the electrodes V+ and V- before 0.03 ms 
are the influence of the electric source. The source excites the acoustic hydrophone and 
has the same phase at different frequencies. This means the recording system has the 
same phase character for the electric signals received by the electrodes V+ and V-.  
 
In the same record, we see that the phases of the seismoelectric signals received by the 
electrodes V+ and V- have the opposite phase. The amplitudes vary little due to the 
attenuation at the different frequencies. At the low frequencies (<70 kHz) the amplitudes 
are almost the same. At the high frequencies, the amplitudes recorded by the front 
electrode V+ are larger than those recorded by the back electrode V-.   
 
When the acoustic wave hits the rock sample, the sample acts like an electric battery due 
to seismoelectric conversion. The electrodes V+ and V- at the two sides of the sample are 
similar to the positive and negative electrodes of a DC battery.  
 
We also perform the same measurements with plates of glass beads with 3-mm and 5-mm 
diameters in the water container. Figure 9 shows typical seismoelectric signals recorded 
by the electrodes V+ (black line) and V- (blue line) in 3-mm (a) and 5-mm (b) glass bead 
plates.  The phases of the seismoelectric signals recorded by the front electrode V+ and 
back electrode V- have the same phase.  In these cases, the acoustic wave does not induce 
seismoelectric conversion inside of the porous media, glass bead plates, due to their huge 
permeability (more than 400 Darcy).  Only at the front interface, does the acoustic wave 
induce seismoelectric signals, which propagate through the porous plate and then are 
recorded by the back electrode. The porous plate acts like an electric resistance, which 
does not change the phase across the two electrodes and causes attenuation in the electric 
signals.  
 
 
Data processing and comparison 
 
We can calculate the streaming potential and seismoelectric voltage at DC fluid flow and 
at a high frequency range from the above experimental measurements, respectively. The 
coupling coefficient at DC fluid flow is obtained by the voltage measured in the 
experiments shown in Figure 4 divided by the pressure of the water height above the 
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sample. The height is the vertical distance between the water level in the bottle and above 
the surface of the sample (Figure 4).  
 
The seismoelectric voltage coupling coefficients can be calculated by the maximum 
amplitude of the electric signals divided by the acoustic pressure: 
 
                                                                                                   (1) 
where is the amplitude of the electric signal recorded with electrode V+ at the 
different frequencies ω.  is the acoustic pressures measured with the standard 
hydrophone at the sample position (Figure 6 and Figure 7b). 
 
Figure 10a shows the voltage coupling coefficients of Berea sandstone 500 saturated by 
NaCl solutions at a high frequency range in linear scale. Figure 10b shows the coupling 
coefficients of Berea sandstone 500 saturated by NaCl solutions at DC and a high 
frequency range in log scales.  The dash-dot lines show the possible coupling coefficients 
at the other frequency ranges. The variation trend of the coupling coefficient is similar to 
the predict of Pride’s equation.  
 
 According to the measured DC streaming potentials and the conductivities of the 
saturated porous sample (Berea sandstone 500), we calculate the theoretical coupling 
coefficients at the different NaCl concentrations and the different frequencies and 
compare them with those measured in the frequency range of 40 kHz -150 KHz (Figure 
11). The parameters used in the theoretical calculation are listed in Appendix B.  
 
The measured coupling coefficients at high frequencies decrease with the frequencies in 
40 kHz to 100 kHz range. These coupling coefficients are lower than the theoretical 
predict. The variation trend of the coupling coefficient in the frequency ranges larger than 
100 kHz is different from the theoretical predicts. In this frequency range, the frequency 
response of the receiver hydrophone (B & K 8103) is probably different from the normal 
response of 30 µV/Pa. Figure 11 shows the difference between the theoretical predicts 
and the measured data. The reasons for this difference include the physical attenuations in 
the measurements, the errors of the measurement system, the assumptions of the 
parameters in the theoretical calculations, etc.  
 
 Conclusions and discussion 
 
We use Berea sandstone 500 to make cylinder and plate rock samples to measure the 
streaming potential at DC fluid flow and the seismoelectric potentials in a high frequency 
range. We calculate the voltage coupling coefficients at DC and at a high frequency range 
and compare those with the results predicted by Pride’s equation quantitatively. The 
decreases of the seismoelectric coupling coefficients with frequency are similar to the 
theoretical results, but lower than the predicts. Laboratory experiments show both the 
streaming potential and seismoelectric conversion at high frequencies are described by 
the same equation. Theoretical results show that the seismoelectric coupling coefficient is 
affected by the permeability of the porous medium in a high frequency range (Figure A-
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2). The seismoelectric measurements in a high frequency range might explore the 
permeability of porous rock. 
 
Quantitative laboratory measurements with two measurement systems are difficult for 
determining the measurement errors. Even though we use Berea sandstone 500 as our 
sample, the saturated rock sample shows some changes in its parameters during the 
measurements. After a sample is saturated with the NaCl solution, we have to wait 
several hours before taking the measurement, since it takes several hours to form the 
electric double layer in the porous medium. In our measurements of the streaming 
potentials, we start the measurements about 3 hours after the samples are saturated. If the 
sample is immersed in the solution for a longer time, the sample properties may be 
changed. For example, the permeability of Berea sandstone decreases from 400 mD to 
200 mD after it was immersed in NaCl solution with 100 ppm concentration for two days. 
Berea sandstone includes about 3.9% clay. When it is saturated by fluid, the clay expands 
and blocks some of the pores of the sandstone. If the speed of fluid flow decreases, the 
streaming potential decreases as well. Therefore choosing the time to conduct the 
measurements is important. The other problem is to determine the intensity of the 
acoustic wave at the different frequencies. The hydrophone of B & K 8103 has good 
frequency responses in low frequencies, but changes at frequencies higher than 100 kHz. 
It is very hard for our laboratory to calibrate the hydrophone in the wide frequency range. 
 
The work introduced here is a preliminary study to conduct quantitative seismoelectric 
measurements and compare the results with the theoretical predicts. More work will be 
done in the future. 
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Table 1. Measurements  in Berea sandstone 500 saturated with DI water 
 Position 1 Position 2 Position 3 Position 4 
Water height (cm) 77 128 177 227 
Water pressure (kPa) 7.55 12.55 17.36 22.26 
Streaming potential (mV) 22.5 42 47 58 
Coupling coefficient (µV/Pa) 2.98 3.35 2.71 2.61 
 
 
 
Table 2. Measurements in Berea sandstone 500 
NaCl concentration 
(ppm) 
0  
 
100  500  1000  2000  
Fluid conductivity 
( ) 
6.5  112 469 880 1590 
Rock conductivity 
( ) 
11.6 20.4 67.9 203.8 407.6 
Coupling coefficient 
(µV/Pa) 
2.90 0.46 0.17 0.094 0.052 
 
 
Table 3.Measurements in 1-mm glass beads 
NaCl concentration 
(ppm) 
0  
 
100  500  1000  2000  
Fluid conductivity 
( ) 
6.5  112 469 880 1590 
Sample conductivity 
( ) 
29.5 42.3 140.1 533.8 896.8 
Coupling coefficient 
(µV/Pa) 
30.79 0.27 0.21 0.09 0.05 
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 Figure 1: A typical seismoelectric coupling coefficients calculated with the Pride’s 
equation when the NaCl concentrations are 10 ppm, 100 ppm, 500 ppm, 1000ppm, and 
2000 ppm, respectively. 
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Figure 2: Cylindrical sample (a) with Ag/AgCl mesh electrodes and plate sample (b) with 
copper electrodes.  
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Figure 3: The setup to make Ag/AgCl mesh electrode in a container with 1 Mol/L 
solution. The current between the silver mesh and the steel electrode is controlled by the 
resistance R to 100 mA. 
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Figure 4: Experimental system for measuring streaming potential, fluid pressure, and 
sample resistance. The vertical distance between the top level of the sample and the top 
level in the bottle can be changed in around 50-200 cm. The streaming potential is 
measured between the Ag/AgCl mesh electrodes V+ and V-. The solutions have the NaCl 
concentrations of 0 ppm, 100 ppm, 500 ppm, 1000 ppm, and 2000 ppm. 
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Figure 5:  Measurements of the seismoelectric voltage with electrodes V+ and V- in a 
NaCl solution container. The acoustic source (LC-34) is excited by a single sine burst of 
around 100 volts in amplitude and 40 kHz-150 kHz in frequencies.  
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   Figure 6: Calibration of the acoustic field between the boards. The normal sensitivity of 
the hydrophone B & K 8103 is 30 µV/Pa.  
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                        a) 
 
       
 
                    b) 
 
      
Figure 7: Acoustic waveforms (a) recorded by the hydrophone of B & K 8102 shown in 
Figure 6 and the acoustic pressure (b) calculated based on its normal sensitivity of  30 
µV/Pa in the 40-150 kHz range.   
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      Figure 8:  Seismoelectric signals recorded with the electrodes V+ (black line) and V- 
(blue Line) in Berea sandstone 500 sample saturated with NaCl solution of 100 ppm 
concentration.  The amplitudes are normalized by 0.04 mV. The amplitudes before 0.1 
ms (vertical dash line) are reduced with 100 times. The phases of the influences of the 
electric source are identical at the different frequencies. The phases of the seismoelectric 
signals received by electrodes V+ and V- are opposite.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
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          a) 
   
 
         b) 
  
Figure 9 Seismoelectric signals recorded with the electrodes V+ (black line) and V- (blue 
Line) in 3-mm (a) and 5-mm (b) glass bead plates saturated with NaCl solution of 100 
ppm concentration.  The amplitudes are normalized by 0.01 mV. The amplitudes before 
0.1 ms are reduced with 100 times. The phases of the influences of the electric source are 
identical at the different frequencies. The phases of the seismoelectric signals received by 
electrodes V+ and V- are almost identical.  
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                     a) 
 
 
                   b) 
  
  Figure 10  The coupling coefficients measured with Berea sandstone 500  in linear scale 
(a) and in log scales (b) at the frequency range of 40 kHz-150 kHz. The solid red 
triangles on the left side (b) indicate the seismoelectric coupling coefficients measured 
with the streaming potentials. The dash-dot lines in (b) show the possible trends of the 
coupling coefficients in the other frequency range.   
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Figure 11: Seismoelectric coupling coefficients measured with Berea sandstone 500 
sample in DC and 40-150 kHz.  The dash-dot lines show the results calculated with 
Pride’s equation according to the sample conductivities of 0.0012 S/m, 0.0063 S/m,     
0.0127 S/m,  0.0185 S/m, and  0.0291 S/m,  respectively. 
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Appendix A:  coupling coefficients simulated with Pride’s equation 
 
Coupled acoustic and seismoelectric fields in a homogeneous porous medium were 
described by Pride’s governing equations (Pride, 1994). The coupling coefficient  at 
the low-frequency and high-frequency limits: 
 
                                    (A-1) 
where   
                    
                    
                    
                    
                    
 is the transition frequency from viscous flow to inertial flow, is tortuosity,  is 
assumed to be 8.  is the characteristic pore size,  is the Debye length,  is the fluid 
permittivity,  is the Boltzman constant,  T is absolute temperature,  is the electric 
charge, is the ionic valence of solution, and is ion concentration and defined as 
  is the low frequency limit of the coupling coefficient. C 
is the molarity of the solution.  is the porosity.  is the viscosity of fluid.  is the fluid 
density.  is the Darcy permeability. 
 
When all of parameters are fixed but one-parameter, we investigate the effect of the 
parameter on the coupling coefficient.  The fixed parameters are 20% in porosity, 400 
mD in permeability, 3 in tortuosity of rock, 0.0005 Mol/L in NaCl concentration, and 
0.008 S/m in rock conductivity.  
 
Figure A-1 shows the coupling coefficients when the porosity changes from 10% to 30%.  
When the porosity of a porous rock increases, the seismoelectric coupling coefficient 
increases too.  
 
Figure A-2 shows the coupling coefficients when the permeability increases from 200 
mD to 600 mD. The coupling coefficient does not change at low frequency rang. When 
the frequency is higher than the transition frequency, the coupling coefficient decreases 
with the increase of rock permeability. The simulation shows the coupling coefficient is 
more sensitive to the porosity than the permeability. Only at the high frequency range, is 
the permeability sensitive to the rock permeability. 
 
Figure A-3 shows the coupling coefficient when the NaCl concentration of fluid changes. 
When the NaCl concentration increases, the coupling coefficient decreases. Figure A-4 
shows the coupling coefficient when the rock conductivity changes. If the conductivity of 
the rock matrix increases, the coupling coefficient decreases.     
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Figure A-5 shows the coupling coefficient when the rock tortuosity increases, the 
coupling coefficient increases. The tortuosity also affects the transition frequency, which 
is relative to the fluid property changed from viscous flow to inertial flow. When the rock 
tortuosity increases, the transition frequency increases. 
 
         
 
 
 
 
 
 
 
 
 
 
    
                   Figure A-1: Coupling coefficients when the porosity changes from 10% to 
30%. The rock permeability, NaCl concentration (Mol), Conductivity of the saturated 
rock, and tortuosity are assumed 0.4 Darcy, Mol/L, S/m, and 3, 
respectively. 
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                 Figure A-2: Coupling coefficients when the permeability changes from 0.2 
Darcy to 0.6 Darcy. The rock porosity, NaCl concentration (Mol), Conductivity of the 
saturated rock, and tortuosity are assumed 20%, Mol/L, S/m, and 3, 
respectively. 
 
 
   Figure A-3: Coupling coefficients when the NaCl concentration of the fluid  changes 
from 0.001 Mol/L to 0.05 Mol/L. The rock porosity, permeability, Conductivity of the 
saturated rock, and tortuosity are assumed 0.4 Darcy, 0.4 Darcy, S/m, and 3, 
respectively. 
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   Figure A-4: Coupling coefficients when the rock conductivity changes from 0.001 S/m 
to 0.02 S/m. The rock porosity, permeability, NaCl concentration (Mol), and tortuosity 
are assumed 20%, 0.4 Darcy, Mol/L, and 3, respectively. 
 
 
   Figure A-5  Coupling coefficients when the rock tortuosity changes from 1 to 5. The 
rock porosity, permeability, NaCl concentration (Mol), and rock conductivity are 
assumed 20%, 0.4 Darcy, Mol/L, and S/m, respectively. 
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Appendix B:  Parameters in Pride’s equation 
 
When we calculate the coupling coefficients (Figure 11) with Pride’s equation (A-1), we 
choose the following parameters as shown in Table B-1: 
 
 
 
Table B-1: Parameters used in the theoretical calculation in Figure 11. 
Quantity Sympol Amount  Unit (SI) 
NaCL concentration C [0.8 1.7 8.6 17.1 34.2]   
Rock Resistance  R [35 6.5 3.2 2.2 1.4] kΩ 
Fluid permittivity  80*8.854187817e-12 F/m 
Sample permittivity  4*8.854187817e-12 F/m 
Tortuosity Tor 3  
Fluid viscosity vis 0.001 Ns/  
Porosity Poro 20%  
Permeability perm 0.4e-12 Darcy 
Water density Phof 1000 Kg/  
Absolute temperature Tem 298  
Ion concentration Nmole 6.022e+26 Morality 
charge of an electron Eq 1.60217653e-19 C (coulomb) 
Boltzman constant Kb 1.3806506e-23 J/K 
 
 
